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Abstract. The ability of people affected by amyotrophic lateral sclerosis (ALS), 
muscular dystrophy or spinal cord injuries to physically interact with the envi-
ronment, is usually reduced. In some cases, these patients suffer from a syndrome 
known as locked-in syndrome (LIS), defined by the patient’s inability to make 
any movement but blinks and eye movements. Tech communication systems 
available for people in LIS are very limited, being those based on eye-tracking 
and brain-computer interface (BCI) the most useful for these patients. A compar-
ative study between both technologies in an ALS patient is carried out: an eye 
tracker and a visual P300-based BCI. The purpose of the study presented in this 
paper is to show that the choice of the technology could depend on user´s prefer-
ence. The evaluation of performance, workload and other subjective measures 
will allow us to determine the usability of the systems. The obtained results sug-
gest that, even if for this patient the BCI technology is more appropriate, the 
technology should be always tested and adapted for each user.  
Keywords: Brain-Computer Interface (BCI), Eye tracker, ALS, usability, 
Speller.
1 Introduction 
Several of the neurological diseases that human can suffer result in severe disabilities. 
For instance, the ability of people affected by amyotrophic lateral sclerosis (ALS), mus-
cular dystrophy or spinal cord injuries to physically interact with the environment, is 
usually reduced, and they may even lose it completely. 
ALS patients suffer from a syndrome known as locked-in syndrome (LIS). In its 
classical modality, this syndrome is defined by the patient’s inability to make any 
movement but blinks and eye movements, despite being still conscious. This renders 
them completely dependent not only on their close family, but also on ventilatory ma-
chines to remain alive. If the disease draws on, the patient is bound to be unable to make 
even those residual movements, thus remaining completely isolated. 
If there are several tech communication systems available for people who has resid-
ual muscular control, for people in LIS, these technologies are very limited. Probably, 
the technologies based on eye-tracking, electrooculography (EOG) and brain-computer 
interface (BCI) are the only useful for these patients [1].  
As much the eye tracker as the electrooculography are based on the measurement of 
eye activity, and both rely on the users´ abilities to control their eye-muscles. 
The eye trackers, generally, include two components: a light source and a camera. 
The camera tracks the reflection of the light source along with visible ocular features 
such as the pupil. Electrooculography is a technique for measuring, though electrodes 
placed around the eyes of the user, the corneo-retinal standing potential that exists be-
tween the front and the back of the human eye. The resulting signal is called the elec-
trooculogram. 
A brain-computer interface (BCI) is based on the analysis of the brain activity rec-
orded during certain mental activities, in order to control an external device. Currently, 
the most commonly used BCI systems are those based on electroencephalographic 
(EEG) signals, mainly because they can be recorded in a non-invasive manner and show 
adequate temporal resolution. Among them, those based on the P300 event-related po-
tential (ERP) are very common due to easiness with which this ERP can be elicited. 
Specifically, the P300 is a positive deflection in voltage occurring about 300 ms after 
an infrequent or significant stimulus is perceived [2]. P300 wave amplitude is typically 
between 2µV and 5µV and is symmetrically distributed around central scalp areas, 
showing greater amplitude in occipital rather than frontal regions [3].  
From those technologies, the eye-tracking is, at present, one the most advanced de-
vices for communication in patients in LIS and, specially, in patients with ALS. A re-
cent study tried to explore the effectiveness of communication and the variable affect-
ing the eye-tracking computer system utilization in patients ALS [4]. The study was 
carried out on 30 patients with advanced ALS and 19 showed a high acceptance and 
average daily eye-tracking system utilization of 300 min. However, the remaining 11 
subjects reported limited and irregular daily use of the device, being the reported 
causes, gaze fatigue (8 subjects), oculomotor impairment, i.e., inability to properly 
move the eyes (2 subjects) and difficulty to keep the head still (1 subject). Finally, au-
thors concluded that limitation of the eye-tracking is given by the fact that it actually 
relies on eye movements. For patients with oculomotor dysfunction, the use of an eye-
tracking is uncomfortable or even impossible, being necessary to provide other tech-
nologies, such are those based on brain-computer interface (BCI). 
Another study [1] compares three technologies to provide binary communication: 
eye-tracking, electrooculography (EOG) and auditory brain-computer interface. The 
participant of the study was a patient with ALS who had been in the LIS for 6 years. 
He was able to communicate with slow residual eye movements, restricting the number 
of choices. With the EOG based system, the user reached an accuracy mean of 71 % 
with 5 choices. With the eye tracking based system, the user had difficulties looking at 
a particular direction and only two choices were provided however, the reached accu-
racy was 100%, being all selections classified correctly. Finally, with the auditory BCI, 
only two choices were provided and participant reached accuracies above 75%. In this 
study, the reduced number of choices provided was due to the slow residual eye move-
ments of the participant. 
Other BCIs used for communication purpose are those based on visual P300 signal. 
They are based on the P300 speller first developed by Farwell and Donchin [5], which 
is still referenced and intensely studied [3, 6, 7, 8]. In this BCI, a 6 x 6 matrix of letters, 
arranged in rows and columns, is shown to the subject. The user focuses his/her atten-
tion on the matrix element he/she wishes to select as each row and column is flashed 
(i.e., intensified) randomly, one after the other. After a number of flashes, the symbol 
that the user has supposedly chosen is presented on screen. 
Recently, a study compares a visual P300-based brain-computer interface and an 
eye-tracking for controlling an Internet browser [9]. A total of 12 patients with severe 
motor impairment (11 affected by ALS, and 1 affected by Duchenne muscular dystro-
phy, participated in this study. According to the obtained results in this study, the per-
formance measures showed the advantages of using the eye tracker as a communication 
device. Besides, participants rated the eye tracker as a more satisfying device and con-
sidered the BCI as a technology requiring more effort and that was more time-consum-
ing than the eye tracker. The conclusion of this study was that if users can rely on eye 
movements, they tend to consider the eye tracker as a superior technology. 
The purpose of the study presented in this paper is to show that the choice of a tech-
nology could depend on user´s preference, and not all the users have the same prefer-
ence. To this end, the usability of the two technologies [10, 11], the eye tracker and a 
visual P300-based BCI, will be evaluated.  
 
2 Methods 
2.1 Participants 
One French man, 57-years-old, diagnosed with amyotrophic lateral sclerosis in 2010 
and without any impairment of cognitive functions, participated in this study.  The pa-
tient, with severe motor impairment, was naïve to both technologies: the eye tracker 
and the BCI. He was able to move his eyes and had difficulty to communicate through 
the voice. He gave informed consent through a protocol reviewed by the ENSC-IMS 
Cognitive team. The experiment was carried out at the CHU (centre Hospitalier Uni-
versitaire) at Bordeaux. 
2.2 Procedure 
On the same day, the participant tested the visual P300-based BCI (session 1) and the 
eye tracker (session 2). During the experiment, the participant sat in his wheelchair in 
a reclining position at a distance about 60 cm from the screen. Before the beginning of 
each session, instructions regarding the procedure and the device (BCI and eye tracker) 
management were given in verbal form.  The experiment was conducted in accordance 
with standard ethical guidelines as defined by the Declaration of Helsinki and the study 
was approved by the Ethics Committee of the University of Málaga.   
Because the objective of the study was to compare the usability of the eye tracker 
and the visual BCI in a communication task, the speller size was the same for both 
technologies. The speller used was based on the classical Farwell & Donchin [5] 
speller, which consists on a 6 x 6 matrix of symbols (36 alphanumeric letters and num-
bers) arranged within rows and columns (see Fig. 1). The matrix size was 14.69 cm, 
being the symbols size of 1.17 cm and the distance between symbols of 1.53 cm. 
 
 
Fig. 1. Schematic representation of a classical P300 speller BCI 
Each session consisted of a calibration phase and an evaluation phase. The purpose 
of the calibration phase was to adapt the technology to the user. Once the calibration 
was done, the subject participated in the evaluation phase to copy-spell the sentence “il 
fait beau” (i.e., “the weather is nice”). The participant was allowed to correct each error 
only once. After the copy-spelling tasks, he was asked to complete a visual analogue 
scale (VAS) of: fatigue, difficulty, stress and difficulty to perceive the characters, and 
the NASA-TLX test [12] to evaluate the subjective cognitive workload.   
At the end of the last session, the participant was asked to express his preference 
between the two technologies. A comparative questionnaire adapted from the SUS 
(System Usability Scale) allowed to evaluate six dimensions: favourite, complex, com-
fortable, stressful, controllable, tiring.  
2.3 Equipment and tasks 
Brain-Computer Interface. EEG was recorded using gold electrodes placed at posi-
tions Fz, Cz, Pz, Oz, P3, P4, PO7 and PO8, according to the 10/20 international system. 
All channels were referenced to the left earlobe, using FPz as ground. The EEG was 
amplified through a 16 channel biosignal amplifier (g.BSamp, Guger Technologies). 
The amplifier settings were 0.5 and 100 Hz for the band-pass filter, the notch (50 Hz) 
was on, and the sensitivity was 500 µV. The EEG was then digitized at a rate of 256 
Hz by a 12-bit resolution NI-USB-6210 data acquisition card (National Instruments). 
All aspects of EEG data collection and processing were controlled by the BCI2000 
system.  
During the calibration phase, each row and column was randomly flashed 10 times. 
Therefore, each character was randomly intensified 20 times. The duration of each flash 
was 125 ms and the inter-stimulus interval (ISI) between flashes was also 125 ms. There 
was a pause of 6 s after each sequence of flashes (i.e., after a character had been se-
lected). The calibration consisted in spelling the words “lune”, “feux” and “kilo” and 
the number “2015”. It is important to mention that the time required for the calibration 
phase for the BCI system depends on the number of words to spell (4 in this experi-
ment). 
After these runs, we performed a stepwise linear discriminant analysis (SWLDA) of 
the data from the last three runs to obtain the weights for the on-line P300 classifier. 
After calibration and training of the classifier, the evaluation phase started (see Fig. 
2).  We set the number of intensification sequences to the minimum number need to 
reach 100% accuracy off-line.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Participant during the evaluation phase of the BCI system 
 
Eye Tracker. The experiment was carried out using the Tobii C15 (Tobii Technology, 
Sweden) [13]. The eye tracker interface speller was configured to be identical to the 
one used for the BCI. The calibration phase consisted in fixating 9 targets located on 
different positions of the screen. The time required for this calibration phase should be, 
usually, very short. The evaluation phase started only once the operator considered an 
acceptable calibration. For the evaluation phase (see Fig. 3), participant could select a 
symbol by gazing at the intended target for 1.6 s.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Participant during the evaluation phase of the Tobii communicator system 
2.4 Objective and subjective measures 
To compare the performance of the BCI and the eye tracker, different objective meas-
ured were considered: the time required for the calibration phase, the time required for 
the evaluation phase, the final written sentence and the number of errors. 
Regarding the subjective measures, we analyze the NASA-TLX for each experiment 
in order to evaluate the subjective workload. The different Visual Analog Scales (VAS), 
added to the comparative questionnaire adapted from the SUS (System Usability Scale), 
allow us to obtain a global subjective assessment of usability.   
 
3 Results 
3.1 Objective measures 
The different objective measures obtained for each technology are shown in Table 1. 
 
Table 1. Objective measures (times, final sentence, errors) obtained for BCI and Tobii system. 
 BCI Tobii 
Time for calibration phase  8 min 5 min 
Time for evaluation phase  7 min 34 s 7 min 47 s 
Final written sentence  IL FAIT BEA7L IL LFAI7_BEAP65 
Number of error 3 7 
 
The user had high difficulty to fix the targets and the calibration failed several 
times. Finally, the calibration was done considering only the right eye.  
Regarding the BCI, the participant required 7 flashes (one flash is the intensifica-
tion of one row and one column) to obtain 100% of accuracy. Finally, we configured 8 
flashes to select a letter during the evaluation phase. 
 
3.2 Subjective measures 
The total subjective workload (NASA-TLX- Global score; ranged from 0 to 100) 
and dimensions contributions to the subjective workload (mental, physical and tem-
poral demand, performance, effort and frustration; ranged from 0 to 33.3) for each tech-
nology is sowed in Fig. 4.  
 
Fig. 4. NASA-TLX scores obtained for BCI and Tobii  
The obtained values of the different Visual Analog Scales (VAS) for each technol-
ogy is shown in Fig. 5.  
  
Fig. 5. VAS obtained for BCI and Tobii 
Finally, the obtained results of the comparative questionnaire are shown in Table 
2. 
Table 2. Comparatives results between BCI and Tobii. 
 BCI Tobii 
Positive view The most controllable  
The most comfortable  
The favourite  
Negative view The most stressful  
  The most complex 
  The most tired 
 
4 Discussion and conclusion 
In this study, two different technologies for communication purpose designed for peo-
ple with severe motor impairment have been compared through objective and subjec-
tive measures. The experiment has been carried out in a participant with ALS. The 
obtained results show that, for this participant, the visual BCI has been considered more 
advantageous that the eye tracker as a communication device. 
 
During the calibration phase, the participant had, not only a high difficulty to gaze 
the different targets presented by the eye tracker, but also high difficulty to keep this 
eyes open, being this an obstacle to calibrate the system. Finally, after several runs, the 
calibration was carried out with the right eye and, even in this condition, the calibration 
was not really satisfactory for the operator. This longer time required for the calibration 
of the Tobi could affect the perceived fatigue and affected the usability of the system. 
However, for the BCI, the participant did not have any problem during the calibration 
phase, getting 100% of performance with only 7 flashes. Besides, even if the time re-
quired for the evaluation phase was similar for both technologies, the number of error 
was higher with the Tobii system. These results show a better performance with the 
BCI system. 
Regarding the subjective measures, the global score of workload of the visual BCI 
was lower than of the Tobii system. This result seems to be contrary to that other study 
[1, 9] which suggest that the workload of the eye tracker was lower that the workload 
of the BCI. The mental demand and the effort subscale were considered higher in the 
BCI system compare to the Tobii System. The higher time needed to select a letter 
during the evaluation phase with the BCI system (24 s) was, probably, contributed to 
this increase in both dimensions (mental demand and effort). However, the BCI system 
requires less temporal demand, makes easier the development of the task and produces 
less frustration. Probably, the fact that the demand temporal contribution was so low, 
could have a positive effect on performance and frustration.  
The obtained results in the different VAS show no level of fatigue for the BCI. Alt-
hough the degree of task difficulty was lower for the BCI, the obtained values were 
important for both technologies (6 for the BCI and 8 for the Tobii). None of the tech-
nology were considered stressful and the subject did not present any difficulty to rec-
ognize the characters. 
The obtained results in the comparative questionnaire allow to summarize which 
technology has been considered as most advantageous for the participant. Undoubtedly, 
the visual BCI has been select as the favourite, being the stressful the only dimension 
with a negative point of view for the BCI however, as it was mentioned before, the level 
of stress was very low for both technologies. 
The preference to BCI system can be due to ability to achieve control of BCI over 
Eye-tracing. By the way, the participant verbally reported feeling satisfaction particu-
larly related with the BCI experience, possibly because it could represent a greater chal-
lenge that needed to be raised. 
Although a recent study concluded that an eye tracker system is more advantageous 
than a P300-based BCI for communication purpose, from these results we conclude that 
a BCI system may be a not negligible alternative solution for some patients with special 
difficulties, not only for controlling their eye movements, but who present difficulties 
to manage an eye tracker. Even if the results have been obtained with only one patient, 
these show that the technology should be always tested and adapted for each user, not 
being able to stablish a specific technology as the most appropriate without, previously, 
testing it. 
 
 
Acknowledgements. We would like to dedicate this work to the memory of the partic-
ipant involved in this study. This work was partially supported by the University of 
Málaga Campus de Excelencia Internacional Andalucía Tech, by the Spanish Ministry 
of Economy and Competitiveness through the project LICOM (DPI2015-67064-R) and 
by the European Regional Development Fund (ERDF).  
 
References 
1. Käthner, I., Kübler, A., & Halder, S. Comparison of eye tracking, electrooculography and 
an auditory brain-computer interface for binary communication: a case study with a partici-
pant in the locked-in state. Journal of neuroengineering and rehabilitation, 12(1), 76 pp. 1-
11 (2015) 
2. Wolpaw, J.R., Birbaumer, N., McFarland, D.J., Pfurtscheller, G., Vaughan, T.M.: Brain-
computer interfaces for communication and control. Clinical Neurophysiology, 113(6), pp. 
767–791 (2002) 
3. Krusienski, D. J., Sellers, E. W., McFarland, D. J., Vaughan, T. M., & Wolpaw, J. R. Toward 
enhanced P300 speller performance. Journal of neuroscience methods, 167(1), pp. 15-21 
(2008) 
4. Spataro, R., Ciriacono, M., Manno, C., & La Bella, V. The eye‐tracking computer device 
for communication in amyotrophic lateral sclerosis. Acta Neurologica Scandinavica, 130(1), 
pp. 40-45 (2014) 
5. Farwell, L., Donchin, E.: Talking off the top of your head: toward a mental prosthesis uti-
lizing event related brain potentials. Electroencephalography and Clinical Neurophysiology, 
70(6), pp. 510 – 523 (1988) 
6. Bianchi, L., Sami, S., Hillebrand, A., Fawcett, I., Quitadamo, L., Seri, S.: Which physiolog-
ical components are more suitable for visual ERP based brain-computer interface? A pre-
liminary MEG/EEG study. Brain Topography, 23(2), pp.180–185, (2010) 
7. Kleih, S., Nijboer, F., Halder, S., Kübler, A. Motivation modulates the P300 amplitude dur-
ing brain- computer interface use. Clinical Neurophysiology, 121(7), pp.1023 – 1031, (2010) 
8. Sellers, E.W., Krusienski, D. J., McFarland, D. J., Vaughan, T. M., Wolpaw, J. R.: A P300 
event-related potential brain–computer interface (BCI): The effects of matrix size and inter 
stimulus interval on performance. Biological Psychology, 73(3), pp. 242 – 252 (2006) 
9. Pasqualotto, E., Matuz, T., Federici, S., Ruf, C. A., Bartl, M., Belardinelli, M. O., ... & Hal-
der, S. Usability and workload of access technology for people with severe motor impair-
ment a comparison of brain-computer interfacing and eye tracking. Neurorehabilitation and 
neural repair, 29 (10) pp. 950-957(2015) 
10. ISO 9241-11. Ergonomic requirements for office work with visual display terminals (VDTs) 
– Part 11: Guidance on usability (1998)  
11. Nielsen, J.: What is Usability? In ‘Usability Engineering’, Cambridge, MA: Academic Press, 
pp. 23–48 (1993) 
12. Hart, S.G., Staveland, L.E.: Development of NASA-TLX (Task Load Index): Results of 
empirical and theoretical research. Advances in psychology, 52, pp; 139-183 (1988) 
13. Tobii ATI – Tobii C15 Augmentative and Alternative Communication Device, 
http://www.tobii.com/assistive-technology/northamerica/ products/hardware/tobii-C15/; 
May 2012 
 
 
 
 
 
 
